Background: To reduce inappropriate admissions and stays with the application of an improvement cycle in patients admitted to a University Hospital. The secondary objective is to analyze the hospital cost saved by reducing inadequacy after the implementation of measures proposed by the group for improvement. Methods: Pre-and post-analysis of a sample of clinical histories studied retrospectively, in which the Appropriateness Evaluation Protocol (AEP) was applied to a representative hospital sample of 1350 clinical histories in two phases. In the first phase the AEP was applied retrospectively to 725 admissions and 1350 stays. The factors associated with inappropriateness were analysed together with the causes, and specific measures were implemented in a bid to reduce inappropriateness. In the second phase the AEP was reapplied to a similar group of clinical histories and the results of the two groups were compared. The cost of inappropriate stays was calculated by cost accounting. Setting: General University Hospital with 426 beds serving a population of 320,000 inhabitants in the centre of Murcia, a city in south-eastern Spain.
Background
Inappropriate hospital use has been defined as a hospital admission to provide care that could have been given in a less complex health-care environment and at a lower cost [1, 2] .
Among the instruments for objective evaluation designed to determine the rate of appropriate stays the most well-known and widely used is the Appropriateness Evaluation Protocol (AEP), developed in the late seventies by Gertman and Restuccia [3] and reviewed in the eighties [4] , and which has been validated in a number of studies [5] [6] [7] [8] [9] . It has proved a useful tool for identifying inappropriate stays and admissions of patients in acute care hospitals and the causes that determine them. Other methods, such as the Deley Tool developed by Selker, have proved useful for classifying the causes of inappropriate stays as identified by the AEP, although it is less commonly used.
The AEP has had various applications, corresponding usually to inappropriateness studies in specific clinical services such as emergencies and medical and surgical services [10] [11] [12] [13] [14] [15] [16] [17] . Only a few studies have conducted a global inappropriateness study on an acute care hospital as a whole [18, 19] .
It has also been used to estimate the increase in costs associated with nosocomial infections [20, 21] . Other not directly accountable benefits of a hospital inappropriateness study are: 1) better health planning, since objective criteria are introduced that allow evaluation of requests for an increase in resources, construction of new centers or the creation of new services; 2) identification of patient groups with a high risk of inappropriate use; and 3) attribution to each of the echelons of the health system their share of the responsibility for inappropriate use.
To learn the financial repercussions of inappropriateness hospitals must incorporate changes into their financing systems by moving them progressively towards a system of activity budgeting based on case mix, for which the cost per process must be known.
Most of those who have used the AEP to evaluate appropriate admissions or stays have done so for descriptive studies, but few have used the data to implement improvements [22] . The use of feedback to physicians with a view to reducing inappropriate hospital use has been contrasted by various authors [23] [24] [25] [26] , who show that the feedback strategy has been effective for reducing both inappropriate stays and total length of stay. However, the results reported by others who use feedback alone are not entirely satisfactory [26] .
The AEP is a review instrument designed to determine the reasons identifying inappropriate use of a bed-day, but with the aim of building doctors' awareness and promoting action and decision-making, without which any review is pointless.
The main objective: To reduce inappropriate admissions and stays with the application of an improvement cycle in patients admitted to a University Hospital. The secondary objective is to analyze the hospital cost saved by reducing inadequacy after the implementation of measures proposed by the group for improvement.
Method
The J.M. Morales Meseguer Hospital in Murcia is a General University Hospital for adults belonging to the Murcia Health Service, which is financed entirely from public funds. It serves a population of 320,000 inhabitants and has 426 beds for conventional stays, 28 Surgical Day Hospital beds and 15 Medical Day Hospital beds. The mean rate of occupancy in 2005 was 84.5% ± 6.6%.
Study design
A retrospective pre-and post-intervention study, was conducted to assess the improvement of inappropriate admissions and stays in our hospital after implementation of a group of measures. In the first phase (pre) we used a retrospective audit to study a randomized sample of the medical records of patients admitted to the hospital in 2005 (control group) using the AEP [27] . In a second phase an improvement cycle was performed by implementing measures to reduce inappropriate admissions and stays. Finally, in a posterior phase (post) we carried out a second evaluation by re-measuring the inappropriate admissions and stays in a retrospective randomized sample of medical records in 2007 (intervention group).
Excluded were patients admitted to ICU, Reanimation, Medical Day Hospital, Surgical Day Hospital and those with a stay of less than 2 days. The sample size for inappropriate stays was determined on the assumption that if the rate of inappropriate stays was 30%, and with the adoption of intervention measures, there would be a reduction of 10%, accepting an alpha risk of 0.05 and a beta risk of 0.10 in a bilateral contrast. Thus a total of 1450 subjects (725 in the control group and 725 in the intervention group) were required to detect the estimated difference. To study inappropriate stays we analyzed two days from the whole hospital stay chosen at simple random from each of the histories to assess the appropriateness of admission. The study presented has been approved by the ethics committee of clinical trials of the Hospital JM. Morales Meseguer.
The variables studied are shown in Table 1 . Holiday periods were considered from 16 July to 15 September and the fortnights corresponding to Easter and Christmas. Outlying patients were defined as those admitted outside their corresponding Nursing Unit. Inappropriate admission is considered when on the day of admission the patient does not meet any criteria for hospitalization according to the AEP. Inappropriate stay is considered when on the selected day none of the hospitalization criteria according to the AEP are fulfilled.
One thousand four hundred and fifty clinical histories were selected proportionally to the number of admissions per medical service. The inappropriate admission protocol was applied to the 1450 histories and the inappropriate stay protocol to 2675 stays.
After analyzing the data observed in the control group in 2005 and the results of other published papers, representatives from the Medical Services, Hospital Management and Work group proposed a series of measures to reduce inappropriate hospital use: 1. Information to physicians in clinical services that decide on hospital admissions and stays. Educational sessions were held with all the clinical services to report the results and discuss possible measures that might reduce inappropriateness in each service. The working group shared the results of the first evaluation in each clinical service, with particular focus on the services with the highest percentage of inadequacy. In some cases, the retroinformation had to be repeated when the team found that a good level of cooperation from doctors had been attained. Laminated leaflets were also distributed recalling the criteria for admission and accommodation included in the AEP; 2. Diffusion of the use of a discharge pre-report. In addition to remembering the demonstrated effectiveness of this measure in other studies, Hospital Management sent briefing notes to the various clinical services recommending the use of a prereport; 3. Creation of a circuit of special outpatient radiological studies in the emergency department and for patients recently diagnosed or suspected with oncological disease. Patients considered a priority from emergencies and those recently diagnosed with cancer were scheduled on the same preferential list as those admitted to the hospital; 4. Relocation of "outlying" patients every evening by the duty nursing supervisor when beds were available for it.
The study sample, from both clinical histories and stays for analysis, was obtained by simple randomness via computer generation of a table of pseudorandom numbers. The sample was taken from the hospital's clinical history archive. The selected number of histories for study was pondered for each of the services. In 2005, 10,534 patients were admitted to the Morales Meseguer Hospital with a stay of two or more days. The distribution of clinical histories by department is shown in Figure 1 .
The AEP
To identify inappropriate use we used the version in Spanish modified with permission from the Avedis Donabedian Foundation.
Three assessors were selected to apply the AEP: an internal resident doctor and two ward nurses with experience in the management of clinical histories on paper and on computer. By way of training the assessors were given a theoretical and practical course on the use of the AEP.
A concordance study was carried out among the three reviewers with two categories (appropriate and inappropriate). The sample size was calculated by assuming an inter-observer agreement of 80% and an accuracy of 5%. Thus we assessed 37 clinical histories to which the admission protocol was applied and 37 primaries stays and 31 secondary stays to which the appropriate stay protocol was applied [27] .
Statistical analysis
The quantitative variables are expressed as a mean ± standard deviation and the qualitative variables as percentages. The comparison between the rate of inappropriate admissions and stays in the pre-and post-groups was performed using the application of the Pearson Chi2 test or Fisher exact test. The identification of risk factors for inappropriateness was performed by unvaried analysis using the Chi 2 test or the Fisher exact test if the variables were qualitative and by the Student t test or single-factor ANOVA if the variables were quantitative. All the analyses were done with bilateral contrast and Diagnosis. Refers to diagnosis on discharge of the patient coded according to the international standards of the ICD-9-CM Classification and DRG. Qualitative variable.
9
Type of admission. Categorical variable: programmed or emergency.
10
Origin of admission. Qualitative variable: emergencies, consultation, home or other hospital.
11
Hospital occupancy rate on day of admission studied. Quantitative continuous variable.
12
Hospital occupancy rate on day of stay studied. Quantitative continuous variable.
13
Number of patients admitted on day of admission studied. Quantitative continuous variable.
14 Nursing Unit where patient is located. Indicates whether the patient is in the corresponding ward or not ("outlying patient"). Qualitative variable.
15
Criteria met for appropriateness of admission, according to the AEP classification of reasons.
16
Criteria met for appropriateness of stay, according to the AEP classification of reasons. Cause of inappropriateness of admission when the admission is inappropriate.
17
Cause of inappropriateness of stay when the stay is inappropriate.
18
Cause of inappropriateness of admission when the admission in inappropriate.
the p value was considered significant if less than 0.05. The variables that in the unvaried analysis showed a significance level of less than 0.05 were introduced into a multivariate model using logistic regression to analyze independent risk factors for admission and inappropriate stay. 
Results

Descriptive study
A sample of 1450 histories was studied (725 belonging to the control group and 725 to the intervention group). The admission protocol was applied to the 1450 histories and the inappropriate stay protocol to 2675 stays.
The patient sample was made up of 813 (56.1%) males and 637 (43.9%) females, with a mean age of 62 + 19 years (range: 11-97). 
Type of admission
Distribution by medical services
The Service with the highest percentage of histories studied was Internal Medicine with 425 (29.3%), followed by General Surgery with 258 (17.8%), Other Medical with 183 (12.6%), Cardiology with 154 (10.6%), Orthopedic with 162 (11.2%), Hematology with 105 (7.2%), Other Surgery with 95 (6.6%) and Infectious Diseases with 68 (4.7%) (Figure 1) .
Time of admission
The distribution of cases by day of the week on which hospital admission occurred ranged from 17.9% of admissions on a Monday to 8.3% of admissions on a Saturday. The month with the highest rate of admissions was June (10.5%) and with the lowest August (5.7%).
Nineteen point six percent of the patients were admitted during the holiday period and 80.4% during the normal working period.
Comparison of groups
Both of the groups (control and intervention) were homogeneous, with no significant differences in variables: age, distribution by sex, distribution by medical service, month and day of admission ( Table 2 ). The total length of stay in the control group was 9.3 ± 8.2 days and in the intervention group 8.0 ± 6.9 days (p < 0.001) ( Table 2) .
Outlying patients (those admitted outside their nursing unit) accounted for 257 (35.4%) of the control group and 175 (24.1%) of the intervention group (p <0.001) ( Table 2) .
The rate of occupancy on the day the sample patients were admitted was 85.4 ± 6.2 in the control group and 84.7 ± 4.2 in the intervention group (p = 0.022). The number of admissions per day was 44 ± 12 in the control group and 47 ± 13 in the intervention group (p < 0.001) ( Table 2 ).
There were no significant differences in the percentage of patients with emergency or programmed admissions. Both groups were homogeneous for DRG distribution, ICD-9 group diagnosis classification and comorbidities. Patient weight was 1.8634 ± 1.6335 in the control group and 1.8576 ± 2.0959 in the intervention group (p = 0.953) ( Table 2) .
Comparison of inappropriate admissions
In the control group, when comparing medical and surgical services, we see that inappropriate admission is 10.9% for medical services and 1.3% for surgical services (p < 0.001) ( Table 3 ). There are also significant differences among the different clinical services. As for age and sex (Table 3) , older patients had fewer inappropriate admissions than younger patients (p = 0.01) but there are no significant differences when comparing the results of inappropriate admission by gender (male/ female). Emergency admissions had a somewhat higher inappropriateness (7.9%) than programmed admissions (5.6%) (p = 0.346). There were no differences in inappropriateness according to the hospital occupancy rate on the day of admission.
Comparing control and intervention groups, inappropriateness of admission in the control group was 7.4% (54 patients), whereas in the intervention group it was significantly reduced to 3.2% (23 patients) (p < 0.001) ( Figure 2 ).
The cause of most inappropriate admissions ("diagnostic tests and/or treatments that can be performed in outpatients") was revealed by 46 (6.3%) patients in the control group and 22 patients (3.0%) in the intervention group, a reduction that is not statistically significant.
Inappropriateness was reduced in most of the medical services and more significantly in those that had a higher rate of inappropriateness in the control group. Internal medicine had a 9.4% rate of inappropriateness in the control group and 3.7% in the intervention group (p = 0.019); cardiology had 15% in the control group and 3% in the intervention group (p = 0.087); and neurology had 24.4% in the control group and 4.8% in the intervention group (p = 0.025) ( Table 4 ).
Comparison of inappropriate stays
In the control group the surgical patients had an inappropriate stay rate of 18.1% and the medical patients 28.3% (p < 0.001). With regard to age, younger patients had a greater likelihood of inappropriate stay than older patients (p = 0.030). As far as DRGs are concerned, and differentiating between medical and surgical DRGs, the inappropriate stay rate was 34.1% for medical and 25.8% for surgical (p = 0.025). There was a higher rate of appropriate stays when the hospital bed occupancy rate was higher (85.5% ± 6.6% versus 84.5% ± 6.5%; p = 0.010) ( Table 5 ).
Comparing control and intervention groups, the percentage of inappropriate stays was 24.6% (334 patients) in the control group and 10.4% (137 patients) in the intervention group (p < 0.001) ( Figure 2) .
The causes justifying most inappropriate stays were reduced significantly; "patients with a diagnostic or therapeutic procedure that can be performed on an outpatient basis" was observed in 188 patients (13.8%) from the control group and 56 patients (4.2%) from the intervention group; "patients pending results of diagnostic tests" was seen in 155 patients (11.4%) from the control group and 85 patients (6.4%) from the intervention group; and "patients admitted as a result of conservative attitude of doctor" was reduced from 116 patients (8.5%) in the control group to 26 patients (1.9%) in the intervention group.
The medical services with the highest rate of inappropriateness in the control group were those that reduced this inappropriateness most significantly in the intervention group: internal medicine went from a 22.7% inappropriateness to 13.8% (p < 0.001); cardiology went from 48.3% to 16.3% (p < 0.001); infectious diseases from 17.4% to 6.9% (p = 0.132); neurology from 53.3% to 26.5% (p < 0.001); orthopedic from 27.1% to 2.7% (p < 0.001); and digestive diseases from 50.0% to 23.6% (p = 0.035) ( Table 6 ).
Cost of inappropriateness
The cost of the days considered inappropriate in the study sample, taking into account the mean cost per patient, clinical service and day, was 147,044 euros in the control group and 66,462 euros in the intervention group.
Extrapolating the results to the rate of inappropriateness of each clinical service out of the total of admissions and hospital stays we calculated the approximate minimum cost of inappropriate admissions and stays in 2005 and 2007 per Service and for the Hospital as a whole, which amounts to 2,125,638 euros in 2005 (control group) and 960,761 euros in 2007 (intervention group).
Discussion
The increase in health costs has become a serious concern in our environment. The rational use of hospital resources is a matter which with time is becoming more important, since health resources are growing at a lower rate than the needs of the population. The resources spent as a result of prolonged hospital stays are one of the components than can currently be acted upon.
Reducing inappropriate admissions and stays implies: lower costs due to a reduction in unnecessary hospital use; improved health care quality due to a reduction in inappropriate procedures, iatrogenic diseases and nosocomial infections; and, most importantly, better accessibility to health care, with hospital care reserved for those who really need it.
The AEP questionnaire
The initial studies by Gertman and Restuccia to develop the AEP go back more than 25 years [3] ; around the same time are the recommendations by Donabedian [28] to avoid an absolute reduction in unnecessary hospital use, with the suggestion that this would also imply a problem of inappropriateness due to underuse. The AEP is a moderately valid and highly reliable instrument [8] . All the studies which have evaluated the AEP show that it has a great capacity for reproducing reliable results in different hospital environments and with different reviewer profiles. The degree of concordance attained in our study by the three assessors following a short training period is very high, with kappa values of 0.77 for appropriate stays and 0.31 for appropriate admissions. As mentioned previously, it should be stressed by virtue of the mathematical formula for calculating the kappa index that when the concordance among assessors is very high, as occurred in the case of appropriate admissions, the kappa value is paradoxically very low [27] . The AEP shows greater concordance with any clinical reviewer than with any pair of clinical reviewers between them, using implicit criteria [5] .
The AEP has had various applications, corresponding usually to inappropriateness studies in specific clinical services [11] [12] [13] [14] [15] [16] [17] . Only a few studies have conducted a global inappropriateness study on a hospital as a whole [18, 19] .
In recent years a gradual evolution has been observed from merely descriptive studies to interventions to modify clinical practice [21] , since a study on inappropriate hospital use without the intention to reduce inappropriateness would make no sense.
Most interventions for improvement have been implemented using feedback to physicians [22] [23] [24] [25] , who have seen how this feedback has been effective for reducing both inappropriate stays and total length of stay. The main limitation of these studies is that the effect of this measure usually finishes once the study is concluded.
Interventions must be based on previous identification of the factors influencing this inappropriateness, analysis of the causes and a joint proposal of measures to be adopted by hospital management and doctors [22] . Most previously described interventions use intervention measures without prior analysis of a series [26, 29] , which explains why expected improvements are not always made. Antón [26] obtains a significant decrease in inappropriate admissions but not in stays and Moya [24] obtains a reduction in inappropriateness that can be attributed to doctors' attitudes but fails to properly reduce inappropriate stays.
Analysis of the causes of inappropriateness in our study led to two groups of measures being proposed: one aimed at the hospital's doctors based fundamentally on feedback and one with joint participation of the hospital management and the doctors based on improving patient circuits and relocating the offer of preferential services.
The first identified cause of inappropriate admission or stay was "patient awaiting tests that can be done on an outpatient basis". This resulted in the proposed creation of a special outpatient agenda in the radiodiagnosis service for patients from emergencies or for those newly diagnosed with oncological disease in order to avoid their being admitted. The number of patients inappropriately admitted for this cause was thus reduced significantly from 46 (6.3%) to 22 patients (3%). Likewise there was a reduction in the two causes of inappropriate stay related to a delay in diagnostic tests: "patient awaiting tests" was observed in 188 patients (13.8%) in the control group compared to 56 patients (4.2%) in the intervention group (p < 0.001) and "patient awaiting test results" in 155 patients (11.4%) in the control group versus 85 patients (6.4%) in the intervention group (p < 0.001). A reduction in the third most frequent cause of inappropriate stay ("conservative attitude of doctor") was attempted by using feedback to physicians. Educational sessions were programmed by clinical services, in which the use of a discharge pre-report was proposed and the evaluation results of the control group and the measures adopted to reduce the inappropriateness were reported. Inappropriateness due to this cause fell from 116 patients (8.5%) in the control group to 26 patients (1.9%) in the intervention group.
Location of patients outside their nursing unit ("outlying") has been considered by few authors [11] . The condition of outlying patient in our study was significantly associated with a greater inappropriateness of stay. The adopted measures reduced the number of outlying patients from 257 (35.4%) in the control group to 175 (24.1%) in the intervention group.
Although the main objective of reducing inappropriateness is to reserve the use of hospital resources for patients who really need them, the financial saving implied by the reduction in inappropriateness in our hospital would be 1,164,877 euros. This estimated figure should make management members and medical staff think about their share of the responsibility for the adequate use of health resources.
Biases and limitations of the study
The main limitation of the study lies in its design. The effectiveness of an intervention should be tested with a controlled randomized assay on 2 parallel groups. We conducted our study with a quasi-experimental preand post-test, as we thought that the logistic difficulties of intervening in some patients and not others, receiving attention at different levels of hospital care, would make it difficult for the study to be carried out. Secondly, many of our data were analyzed retrospectively, with the inherent difficulty of ensuring the validity of the data collected. Thirdly, we acknowledge that despite our intervention there are other factors (administrative, managerial, etc.) that might have influenced the results obtained. Finally, the collection of data by 3 assessors may condition a variability that can hamper the credibility of the data obtained; we therefore studied interobserver concordance and obtained a good concordance. Despite these limitations we believe that they do not invalidate our results and conclusions.
Conclusions
A reduction in inappropriate admissions and stays can be achieved, but to ensure the success of any intervention the measures adopted must be based on an analysis of the data and causes of inappropriateness in each centre.
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